ceftazidime-resistant or cefotaxime-resistant nonrepetitive Enterobacter cloacae isolates were collected from 27 patients hospitalized at HuaShan Hospital, Shanghai, People's Republic of China. The Etest did not detect extended-spectrum beta-lactamases (ESBLs) in those 27 isolates; however, screening by the NCCLS ESBL disk test and confirmatory tests detected ESBLs in 4 of 27 isolates and PCR detected ESBLs in 23 of 27 isolates. The majority of ESBL producers exhibited the same repetitive extragenic palindromic PCR pattern but harbored different ESBL genes. CTX-M-3 was the most prevalent ESBL in our study. Interestingly, 12 clonally related E. cloacae isolates possessed a novel bla VEB -type beta-lactamase, bla VEB-3 . Bla VEB-3 was encoded by the chromosome and was located in an integron. Nine of the 12 isolates harbored both the bla VEB-3 and the bla CTX-M-3 -like ESBLs. This is the first report of a VEB-1-like ESBL in China and the first report of the simultaneous presence of VEB-1 and CTX-M-3-like ESBLs in an isolate.
Enterobacter cloacae is an important opportunistic pathogen known to cause nosocomial septicemia and urinary tract and respiratory tract infections (9, 25) . Reports of multidrug-resistant isolates have increased during the last decade, probably as a result of the extensive use of broad-spectrum antibiotics. In some patient populations, the derepressed production of the AmpC beta-lactamase is a mechanism of beta-lactam resistance in E. cloacae strains (25, 28) . However, the occurrence of extended-spectrum beta-lactamases (ESBLs) in members of the family Enterobacteriaceae that possess inducible Bush group 1 chromosomal beta-lactamases is also increasingly reported worldwide (1, 3, 4, 5, 6, 8, 12) .
A 4-month survey was carried out to evaluate the prevalence of diverse ESBLs among E. cloacae isolates in HuaShan Hospital, Shanghai, People's Republic of China. This study identified a novel VEB-type ESBL, VEB-3. This is also the first report of VEB-1-like ESBLs from nosocomial isolates in the People's Republic of China. The first reported VEB-type ESBL, VEB-1, was detected in Pseudomonas aeruginosa strains from Southeast Asia (22) . Unlike most of the ESBL genes, bla VEB-1 is part of a gene cassette and is located in class 1 integrons of various structures (10, 11, 15, 16) .
MATERIALS AND METHODS
Bacterial isolates. Twenty-seven nonrepetitive ceftazidime-resistant or cefotaxime-resistant E. cloacae clinical isolates were consecutively collected in the bacteriology laboratory of the Center of Laboratory Medicine, Huashan Hospital, Shanghai, from November 2002 to February 2003. During this period, 58 isolates of the species were obtained from patient specimens (22 from sputum, 22 from urine, 6 from blood, and 8 from other specimens). The isolates were identified with the API 20E system (bioMerieux SA, Marcy-1ЈEtoile, France). Escherichia coli ATCC 25922 was used as a negative control. Klebsiella pneumoniae ATCC 700603 was used as an ESBL-positive control. E. cloacae 029 and E. cloacae 029 M were used as control strains for the inducible production and the hyperproduction of AmpC, respectively. PET28 was used as the VEB-3 expression vector, and E. coli BL 21 were used as the expression host.
Antimicrobial susceptibility testing and screening for ESBLs and the AmpC enzyme. Antibiotic susceptibilities were initially determined by the NCCLS disk diffusion method, and the results were interpreted according to the guidelines of the NCCLS (17) . The MICs of imipenem, cefepime, amikacin, ceftazidime, cefotaxime, cefoperazone-sulbactam, ciprofloxacin, ceftazidime-clavulanic acid, cefoxitin, and cefotaxime-clavulanic acid were determined for 27 E. cloacae isolates, E. coli BL 21 with PET28a, and E. coli BL 21 with the VEB-3-PET28a recombinant plasmid by the Etest method (AB Biodisk, Solna, Sweden). The isolates were investigated for the presence of ESBLs by the NCCLS-recommended screening and confirmatory tests (17) .
PCR amplification of ESBLs and sequencing. A series of primers was designed for the detection of Ambler class A beta-lactamase genes. Tests were performed for the detection of genes encoding TEM (TEM-A and TEM-B), SHV (SHV-A and SHV-B), PER-1 and PER-2 (PER-A and PER-B), VEB-1 (VEB-1A and VEB-1B) (10, 11) , and CTX-M (primers M13U and M13L for CTX-M-3, primers M25U and M25L for CTX-M-2, and primers M9U and M9L for CTX-M-9). The primers used for the detection of class 1 integrons (primers 5Ј-CS and 3Ј-CS) hybridized to sequences located in the 5Ј and 3Ј conserved segments. Combinations of primer 5Ј-CS or 3Ј-CS and bla VEB-1 -specific primers (primers 5Ј-CS and VEB-INV1 or primers 3Ј-CS and VEB-INV2) were also used to determine the genetic contents of the class 1 integrons (15, 16) .
For direct DNA sequencing, PCR amplifications were performed with wholecell DNA of 12 E. cloacae clinical isolates that harbored the bla VEB-1 gene by use of primers that allowed amplification of the entire bla VEB-1 gene cassette (primers VEBcas-F and VEBcas-B) (11) . The PCR products were purified with a QIAquick PCR purification kit (Qiagen, Hilden, Germany) and sequenced on an ABI PRISM 377 automated sequencer (Applied Biosystems, Foster City, Calif.). The nucleotide and deduced amino acid sequences were analyzed with software available over the Internet (www.ncbi.nlm.nih.gov/).
Cloning experiment and analysis of recombinant plasmids. For cloning and expression of VEB-3, PCR was first performed with whole-cell DNA of the E. cloacae clinical isolates that harbored the bla VEB-3 gene by use of primers VEBc-R and VEBc-L. The fragment from the PCR product double digested with BamHI and HindIII was ligated into vector PET28a, which was also double digested with BamHI and HindIII. The recombinant plasmid was designated pETVEB3 and was transferred into E. coli BL 21. The E. coli BL 21 isolates with PET28a and pETVEB3 were designated E. coli ET and E. coli EV3, respectively. Plasmid DNA was prepared by using Qiagen columns and was sequenced to confirm that bla VEB-3 was correctly constructed in PET28a.
IEF of ␤-lactamase. Crude beta-lactamase extracts were subjected to analytical isoelectric focusing (IEF) on an ampholine polyacrylamide gel (pH 3.5 to 9.5; Pharmacia Biotech). Beta-lactamases were visualized with a 0.2-mg/ml nitrocefin solution (Oxoid Ltd., Basingstoke, England). They were immediately applied to a parallel focused gel and were applied to another gel after the gel was flooded with a 1 mM solution of potassium clavulanate. This allowed the visual distinction between class C beta-lactamases that were insensitive to clavulanate and plasmid-mediated enzymes that were susceptible to clavulanate to be visualized.
Strain typing. The 27 ceftazidime-resistant or cefotaxime-resistant E. cloacae isolates were typed by repetitive extragenic palindromic PCR (rep-PCR) with primers ERIC2 (13) and REP (7) ( Table 1 ). The PCR products were separated in 1.2% agarose.
Transfer of ceftazidime or cefotaxime resistance markers. Plasmid DNA was extracted with a Qiagen Plasmid Midi kit. The plasmid extracts were electroporated into E. coli DH5␣, and recombinant strains were selected on Luria-Bertani agar plates containing ceftazidime (2 g/ml) or cefotaxime (2 g/ml) (20) .
Plasmid DNA analysis, Southern blotting, and hybridization. Plasmid and chromosomal DNAs were extracted as described previously (13, 20) and were separated by agarose gel electrophoresis. Plasmids isolated from E. coli strain NCTC50192 was used as standard size markers. Plasmids and chromosomal DNAs were transferred from the agarose gel to a nylon membrane by the method of Southern (26) and were hybridized with digoxigenin-labeled bla VEB-1 and intI1 gene fragments with the PCR DIG detection system (Roche Diagnostics GmbH).
Nucleotide sequence accession number. The nucleotide sequence data for the new bla VEB-1 gene variant (bla VEB-3 ) were submitted to the GenBank nucleotide sequence database and assigned accession number AY536519.
RESULTS
Twenty-seven (46.5%) of the 58 E. cloacae isolates were found to be resistant to ceftazidime or cefotaxime by disk diffusion susceptibility testing. The MICs of ␤-lactams, amikacin, and ciprofloxacin for the 27 isolates are presented in Table 2 .
All isolates were resistant to cefoxitin and susceptible to imipenem, 23 of 58 E. cloacae isolates were resistant to cefoperazone-sulbactam. Of the 27 isolates tested, only 0 and 4 isolates were positive for ESBL production by the Etest and the NCCLS-recommended screening and confirmatory tests, respectively, which indicates that ESBL production was detected in this species at a very low frequency by conventional methods.
To determine the frequency of ESBL production relatively exactly, we analyzed the beta-lactamases of these isolates by PCR experiments with a series of primers specific for bla TEM , bla SHV , bla CTX-M-3 , bla CTX-M-9 , bla CTX-M2 , bla PER-1 , and bla VEB-1 . Five of the seven genes were found alone or in various combinations. bla TEM-1 -like and bla SHV-1 -like genes were found in 20 and 2 of the 27 isolates, respectively. bla CTX-M-3 -like, bla CTX-M-9 -like, and bla VEB-1 -like genes were detected in 13, 7, and 12 of the 27 isolates, respectively (Table 3) . Determination of the sequences of all the PCR products confirmed the identities of the genes. Interestingly, 12 of 27 isolates harbored a bla VEB-1 -like gene, and 9 of them also harbored a bla CTX-M-3 -like gene. This is the first report of a bla VEB-1 -like gene in China and the first report of the detection of bla VEB-1 -like and bla CTX-M-3 -like genes in the same isolate.
Next, work was focused on the 12 bla VEB-1 -like gene-positive isolates. External primers specific for the veb-1 cassette were used for PCR amplification, with the whole-cell DNAs of three randomly selected bla VEB-1 -like positive isolates (isolates 39, 40, and 157) used as template DNA, and then the entire bla VEB -like genes were sequenced. External bla VEB-1 -specific primers gave 1,066-bp PCR fragments when the DNAs from these three E. cloacae isolates were used as templates and when both strands were sequenced. The deduced amino acid sequences, obtained over the Internet, identified VEB-1-like sequences that shared 99% amino acid identity with VEB-1 (Fig. 1) . Compared with the amino acid sequences of VEB-1, VEB-1a, VEB-1b, and VEB-2, amino acid changes in VEB-3 from E. cloacae 39, 40, and 157 occurred at position 56, located in the N-terminal sequence of the mature protein, and positions 18 and 19, located in the putative leader peptide sequence (22) . IEF analysis showed that E. cloacae isolate 39 expresses several beta-lactamases with pIs of 8.8, 7.7, 7.45, and 5.4. The pI 8.8 beta-lactamase corresponds to a CTX-M-3-like enzyme (inhibited by clavulanate), the pI 7.7 beta-lactamase corresponds to AmpC (not inhibited by clavulanate), and the pI 5.4 beta-lactamase corresponds to a TEM-1-like enzyme (inhibited by clavulanate). The ␤-lactamase with pI of 7.45 was some- what inhibited by clavulanate, and recombinant bacterium E. coli EV3 expressed only a single beta-lactamase with a pI of 7.45, which shows that a pI of 7.45 corresponds to VEB-3.
In order to determine the biochemical character of VEB-3, the open reading frame of VEB-3 was cloned into vector PET28 and expressed in E. coli BL 21. The MICs of ␤-lactams for recombinant bacteria E. coli EV3 and E. coli ET (Table 4) showed that VEB-3 has ESBL activity.
Since the bla VEB-1 gene cassette had been reported to be located on an integron, PCR amplifications were performed to identify its precise location. Isolates were first screened for the presence of class 1, 2, and 3 integrons, as described previously (19) . The intI1 gene was detected in all 12 bla VEB-3 -positive E. cloacae isolates. Class 2 or 3 integrons were not detected. By using primers 5Ј-CS and 3Ј-CS, a 7-kb PCR fragment was obtained from each E. cloacae isolate, an additional 0.3-kb PCR fragment was obtained from E. cloacae 57, and an additional 2-kb PCR fragment was obtained from E. cloacae 42. The sequences of these three integrons were determined, and their structures are shown in Fig. 2 , which indicates that they do not harbor the bla VEB-3 gene. Combinations of primers 5Ј-CS and VEB-INV1 or primers 3Ј-CS and VEB-INV2 were also used for determination of the genetic contents of the class 1 integrons, but these two amplifications failed. Analysis of the genetic environment of bla VEB-3 revealed key signatures of gene cassettes. The presence of a core site (GTTAGCG) at positions 1 to 7 and the presence of an inverse core site (GTATAAAC) 3Ј of bla VEB-3 , followed by the remainder of a 59-base element, suggested that bla VEB-3 is encoded on a gene cassette and could thus be part of the variable region of an integron. This suggests that there is another integron in these bla VEB-3 -positive E. cloacae isolates. Whether these bla VEB-3 -positive E. cloacae isolates possess more plasmids requires further research.
Preparation of plasmid DNA from E. cloacae isolates that harbored the bla VEB-3 gene revealed the presence of six or seven plasmids. Transfer of the ceftazidime resistance marker by electroporation failed with the E. coli DH5␣ recipient strains. Plasmid DNAs and chromosomal DNAs were separated by agarose gel electrophoresis, transferred from the agarose gel to a nylon membrane by the method of Southern (26) , and hybridized with digoxigenin-labeled bla VEB-1 and intI1 gene fragments with the PCR DIG detection system. The results of the Southern experiment are shown in Fig. 3 . The hybridization signals for both the bla VEB-3 and the intI1 genes were on the chromosomal DNA, indicating that the bla VEB-3 gene of E. cloacae isolate 39 is located on the chromosome.
The relationship between the 27 ceftazidime-resistant or cefotaxime-resistant isolates was studied by rep-PCR by using, independently, primer ERIC2 (entrobacterial repetitive intergenic consensus sequences) and primer REP (repetitive extragenic palindomic elements). Amplification with both primer ERIC2 and primer REP gave seven distinct profiles for the strains (Fig. 4) . The majority of the E. cloacae isolates that possessed ESBL genes exhibited the same pattern (type B). The exceptions were E. cloacae 5 and 25 (bla CTX-M-9a ), which belonged to type A; E. cloacae 72 (bla CTX-M-3 and bla TEM-1 ), which belonged to type C; and E. cloacae 136 (bla CTX-M-9a and bla TEM-1 ), which belonged to type E. Although the majority of the E. cloacae isolates that possessed ESBLs genes exhibited the same rep-PCR pattern, they harbored different ESBL genes: E. cloacae 39, 40, 42, 57, 71, 77, 88, 108, and 236 possessed both the bla CTX-M-3 and the bla VEB-1 genes; and E. cloacae 157, 205, and 189 possessed only the bla VEB-1 gene (Table 3) .
DISCUSSION
Plasmid-mediated ESBLs are most frequently found in K. pneumoniae and E. coli, with TEM-1-and SHV-1-derived ESBLs being the most common types found in these species (18) . ESBLs have rarely been reported among E. cloacae isolates. This may be because E. cloacae is a species in which the usual mechanism of beta-lactam resistance is overexpression of (27) . The spread of ESBL-producing E. cloacae isolates may be enhanced by underdetection and underreporting. Many attempts have been made to detect these organisms (4, 6, 8, 24, 27) . Although the presence of ESBLs in E. cloacae has been documented previously, the reported numbers of ESBL producers are generally low (4, 6, 8, 24, 27) . The results of this study showed a high frequency (23 of 58 E. cloacae isolates) of ESBL producers among the E. cloacae isolates in HuaShan Hospital. This frequency is similar to that detected by Tzelepi et al. (27) (42.9%) but higher than that detected by Canton and Champs (2) (0.4%). The ESBL most frequently encountered in this study was a CTX-M-3-like beta-lactamase, which is widely disseminated among clinical strains of K. pneumoniae and E. coli in China (14) . Unexpectedly, a novel VEB-1-like beta-lactamase (VEB-3) was detected in 12 E. cloacae isolates, with 9 of them also possessing the bla CTX-M-3 -like ESBL. This is the first report of a bla VEB-1 -like beta-lactamase in China and the first report of the simultaneous detection of bla VEB-1 -like and bla CTX-M-3 -like enzymes in E. cloacae. These bla VEB-3 gene-positive E. cloacae isolates came from four different departments in HuaShan Hospital, but all isolates had the same rep-PCR pattern, suggesting that bla VEB-3 -containing E. cloacae isolates have spread in HuaShan Hospital and that the dissemination was caused by clonally related E. cloacae isolates. During dissemination the strains appear to have acquired different ESBL genes. In addition, two isolates were found to harbor the bla SHV-5a gene. Bla VEB-1 and bla VEB-1 -like gene cassettes have previously been documented to be located on an integron and encoded by the plasmid or the chromosome (10, 11, 21, 23) . The results of our study show that the chromosome encodes the bla VEB-3 gene. Although we did not acquire the sequence of the whole variable region that includes the bla VEB-3 gene, the genetic environment of the bla VEB-3 gene indicates that the bla VEB-3 gene is located in an undetected integron, that the structure of this integron is different from those of all previously reported bla VEB -containing integrons, and that the integron location may account for the spread of the bla VEB-3 gene in E. coli and K. pneumoniae during the period of this study.
CTX-M-3 mainly confers resistance to cefotaxime, and VEB-1 and SHV-5a confer resistance to both ceftazidime and cefotaxime (22) . In our study the E. cloacae isolates that possessed VEB-3 alone or VEB-3 and a CTX-M-3-like enzyme simultaneously were resistant to both ceftazidime and cefotaxime. The results of this study show that ESBLs in E. cloacae have become of increasing concern for therapy for clinical infections and should not be ignored.
